The hydrogen oxidation kinetics of Cu and Pt point contact-electrodes on proton conducting BaZr 0.7 Ce 0.2 Y 0.1 O 3− (BZCY72) were studied over a range of temperatures and hydrogen pressures using impedance spectroscopy. Characteristic capacitances were used to identify process contributions as charge and mass transfer, then Langmuir adsorption theory and ButlerVolmer charge transfer formalism were used to propose a hydrogen oxidation model to describe the experimental data. The charge transfer hydrogen pressure dependencies were pH 34 2 for Cu, attributed to a high occupancy of adsorbed oxygen at three-phase boundary sites in the water-vapor containing atmosphere, and pH −14 2 for Pt, corresponding to a hydrogen saturated interface. The Cu and Pt point contact electrodes exhibit similar temperature dependencies for charge transfer, with activation enthalpies of 0.82 and 0.93 eV , and pre-exponentials of approximately 160 and 1000 ⌦ −1 cm −1 , respectively. Mass transfer dominated the total polarization resistance of both metal point contact electrodes, exhibiting a pH 12 2 hydrogen pressure dependency. The activation enthalpies are 1.21 eV for Cu and 0.73 eV for Pt, reflecting the higher catalytic activity generally expected for Pt. Preexponentials for mass transfer of approximately 10000 ⌦ −1 cm −1 for Cu and 2.6 ⌦ −1 cm −1 for Pt, indicate that Cu utilizes a much larger active interface. Cu may be a suitable candidate electrode material for use in carbonaceous atmospheres, but the results of this work indicates that it su↵ers from a high activation enthalpy for mass transfer in the hydrogen oxidation reaction.
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In the following sections capacitances are presented in terms of unspecific 167 raw values, while charge and mass transfer conductances are treated using 168 3pb length specific assumptions. The data shown in Fig. 7 was plotted vs. pH 2 O, and selected graphs are The Cu point-contact electrode has a slight pH 2 O dependence of the 185 charge transfer resistance at pH 2 = 0.5, but the pH 2 O dependence of the 186 charge transfer conductance is negligible at pH 2 = 0.05 and 0.005 (not shown).
187
The pH 2 O dependencies of the mass transfer conductance is negligible for all 188 measured hydrogen pressures and are also not shown.
189
The Pt point-contact electrode shows a slight pH 2 O dependence at lower The conductance in the studied temperature range can, to a first approx-200 imation, be expressed as,
where n and m are the pH 2 and pH 2 O dependencies, respectively. H is the and Pt, as obtained in this study.
228
The pre-exponential for mass transfer for Cu is almost 4000 times greater 
3b -dissolution into metal:
After adsorption onto a vacant surface site, v ads , and the subsequent dissoci- 
The terms k + and k − are the forward and backward rate constants, respec-267 tively. The symbol ⇥ denotes site fraction and is equivalent to the activity 268 of H; the superscript indicates the H species, and the subscripts ads, i, 2pb 269 and 3pb indicate location as "adsorbed", "interstitial", "two-phase bound-270 ary" and "three-phase boundary", respectively. In r 3 , the k subscript surf. is and 3pb. In the following treatment we will, for simplicity, assume that the 285 surface process is predominant.
286
At thermodynamic equilibrium the net rate is 0, and from (8-11) with 287 the mass transfer rate constant K mt = (k 
with the changes in the cell and standard potentials as,
finally yielding the half cell potential of the hydrogen electrode,
By defining the concentrations of products,
. Then inserting (18) into (12) where at equilibrium the
Again using i = −nF r with n = 1, the exchange current density is now defined 309 in terms of both reactants and products,
It is reasonable to assume that in a fully hydrated and protonated elec- ter simplification with C P , C R , (13) and the heterogeneous rate constant,
or more significantly,
The charge transfer conductance, 1R ct , then scales as the product of the 317 pH 2 dependence obtained from mass transfer, the charge transfer symmetry 318 coe cient and the activity of vacant sites at the pb.
319
Pt dissociatively adsorbs hydrogen, which may then segregate at the ter- 
The rate equation associated with (24) is,
Which then yields the H 3pb coverage as,
and with a constant proportional pH 2 O and ⇥ O 3pb , yields the exchange current 334 density as,
Again with = 0.5, and the low coverage of (1 − ⇥ 3pb ) = 1, 
